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(57) ABSTRACT

A method and apparatus for performing quantization during
video compression, such as within an MPEG-2 encoder.
Inter-quantization 1s particularly described, although the
teachings may be applied to intra-quantization as well. Com-
putationally intensive portions of the quantization process are
split into multiple components in response to differing execu-
tion probability. A first component 1s executed within each
quantization iteration, and preferably 1s performed 1n parallel,
such as using SIMD processing. At least one additional com-
ponent, such as a second component, 1s serially processed in
response to detecting a condition that does not arise with each
loop 1teration. One configuration replaces division operations
with a combination of multiply and shift operations, while
making extended use of table lookup procedures to reduce
processing overhead.

24 Claims, 5 Drawing Sheets

Splitting Computationally Intensive Portion of
10 Quantizer into Multiple (e.g., 1st and 2nd) Components
Subject to Different Execution Probabilities

Executing 1st Component in Parallel,
12 Computing Sign and Abs of Coefficients
(e.g., SIMD Instructions)

Executing 2nd Component having Lower
14 Execution Probability

16 Replacing Division in 2nd Component
with a Multiply and Shift Operation
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SIMD-PROCESSOR-FRIENDLY MPEG-2
INTER-QUANTIZER

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

INCORPORAITTION-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

Not Applicable

NOTICE OF MATERIAL SUBJECT TO
COPYRIGHT PROTECTION

A portion of the material 1n this patent document 1s subject
to copyright protection under the copyright laws of the United
States and of other countries. The owner of the copyright
rights has no objection to the facsimile reproduction by any-
one of the patent document or the patent disclosure, as 1t
appears 1n the United States Patent and Trademark Office
publicly available file or records, but otherwise reserves all
copyright rights whatsoever. The copyright owner does not
hereby watve any of 1ts rights to have this patent document
maintained 1n secrecy, including without limitation 1ts rights

pursuant to 37 C.F.R. §1.14.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to video encoding meth-
ods, and more particularly to MPEG-2 encoder inter-quanti-
zation methods.

2. Description of Related Art

MPEG-2 1s a multi-part video compression standard which
has been adopted world-wide as a core technology for use in
digital media distribution and playback 1n a variety of appli-
cations, which include digital television, computer, commu-
nications and consumer industries. MPEG-2 1s an extension
of the MPEG-1 international standard for digital compression
of audio and video signals. MPEG-2 1s directed at broadcast
formats at higher data rates and provides extra algorithmic
‘tools’ for efficiently coding interlaced video, while support-
ing a wide range of bit rates and providing multichannel
surround sound coding.

Recent progress in digital technology has made the wide-
spread use of compressed digital video signals practical. The
use of standardized compression allows new services to inter-
operate with each other and encourages necessary imvest-
ments toward producing inexpensive integrated circuits and
equipment.

MPEG-2 1s a video coding standard supporting a diverse
range ol applications, and utilizing different algorithmic
‘tools’, by way of profiles and levels, which are implemented
for each of a number of applications as defined within the full
standard.

The color signals utilized by MPEG-2 compression are
expressed as luminance (Y) and chrominance (U and V)
components. The chrominance bandwidth may be reduced
relative to the luminance without significantly affecting the
picture quality. The terms 4:2:2 and 4:2:0 are often used to
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describe the sampling structure of the digital picture, with
4.2:2 indicating the chrominance 1s horizontally subsampled
by a factor of two relative to the luminance, while 4:2:0 means
the chrominance 1s horizontally and vertically subsampled by
a factor of two relative to the luminance. Although other
arrangements may be alternatively utilized.

MPEG-2 1s capable of significantly compressing the bit
rate of standard-definition 4:2:0 video, such as down to about
3-15 Mbat/s, although at lower bit rates quality suifers and
artifacts are 1introduced. Compression 1s performed 1n
response to removing redundant information from the signal
at the coder prior to transmission and then re-inserting this
information at the decoder. A coder and decoder pair are
referred to as a ‘codec’.

Two types of redundancy are addressed by compression 1in
modern video codecs, they are (1) spatial and (2) temporal. In
cach form of encoding correlations within the video are made
use of to reduce bit rates of the resultant video. In reducing
spatial redundancy, the relationships between neighboring
pixels 1n the same vicimity of a frame are utilized to minimize
the encoding rate and thus provide spatial compression. In
reducing temporal redundancy, the temporal (time-related)
relationships between pixels 1n nearby frames (temporally
displaced 1mages) are utilized to minimize encoding rate and
thus provide temporal compression.

Two key techniques employed in an MPEG codec are
intra-frame (within the frame) Discrete Cosine Transiorm
(DCT) coding and motion-compensated inter-frame (be-
tween Irames) prediction. It will be noted that “intra” 1s the
prefix from Latin meaning “within™, while “inter” 1s a prefix
from Latin which means “between”, or “amidst”.

During DC'T coding a two-dimensional DCT 1s performed
on small blocks (e.g., 8x8 pixels) of each component of the
picture to produce blocks of DCT coeflicients. The magni-
tude of each DCT coellicient indicates the contribution of a
particular combination of horizontal and vertical spatial ire-
quencies to the original picture block. The coelficient corre-
sponding to zero horizontal and vertical frequency 1s called
the DC coetlficient.

Quantization 1s adjusted to reduce numerical precision

while maintaining a desired level of perceived quality in the
DCT blocks transmitted to the decoder, wherein the 1nverse
transform 1s performed to reconstruct each image in the
sequence of 1mages. The degree of quantization applied to
cach coellicient 1s weighted according to the visibility of the
resulting quantization noise to a human observer. It should be
noted that 1n practice, this results 1n high-frequency coetii-
cients being more coarsely quantized than low-frequency
coellicients.

Coding 1s the process of serialization and encoding of the
quantized DCT coetlicients to exploit the likely clustering of
energy 1nto the low-frequency coeflicients and the frequent
occurrence of zero-value coelficients. For example, the block
may be scanned 1n a diagonal zig-zag pattern starting at the
DC coellicient to produce a list of quantized coelficient val-
ues, ordered according to the scan pattern.

One of the continuing drawbacks of MPEG-2 coding and
decoding 1s that 1t remains computationally intensive, with
quantization regarded as the most computationally expensive
function within an encoder. High complexity computations
require high-bandwidth processors to perform the coding and
encoding in real-time, or extended processing times for ofl-
line (non-real-time processing) operations.

Accordingly, a need exists for methods of reducing com-
putational complexity when encoding video, such as accord-
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ing to the MPEG-2 standard. The present invention fulfills
that need, and others, without diminishing the quality of
encoder output.

BRIEF SUMMARY OF THE INVENTION

This mvention reduces the computation overhead associ-
ated with video encoding. The present invention 1s particu-
larly well-suited for use with MPEG-2 inter-quantization,
however, it will be appreciated that it may be adapted for use
with intra-quantization, and with other than MPEG-2 encod-
ing methods. In the present invention the inter-quantization 1s
sped up by splitting up the quantization computation into
multiple components, each subject to different temporal
execution probabilities and thus the components are no longer
performed with the same frequency, thereby reducing overall
processing overhead. In addition, by splitting up the compu-
tations in this manner portions of the computation can be
tailored for execution on Single Instruction stream Multiple
Data stream (SIMD) processors.

By way of example, and not limitation, the multiple com-
ponents will be described as a first component and a second
component, although the operations may be split into addi-
tional components, as desired, following the teachings of the
present invention and thus without departing from the present
invention. The first component 1s compatible with SIMD
processing performed with each iteration, while the second
component 1s serially performed and computed less ire-
quently, or only occasionally. SIMD processing performs one
operation at a time, from a sequence ol operations, on mul-
tiple sets of data. SIMD 1s typically used to add or multiply
cight or more sets of numbers at the same time for use 1n
multimedia encoding and rendering, as well as in scientific
applications. By way of example, hardware registers are
loaded with numbers, and the mathematical operation 1s per-
formed on all registers simultaneously.

Accordingly, the present invention enhances the speed of
the quantizer by: (1) replacing division operations within the
quantizer by multiplication operations in combination with
shifts moving 1t to the lower probability block, and (2)
increasing the number of operations that can be executed 1n
parallel by Streaming-SIMD_Extensions, such as SSE2
instructions. It will be appreciated that Streaming SIMD
Extensions provide a series of additional instructions built
into processor chips for improved multimedia performance 1n
response to performing mathematical operations on multiple
sets of data at the same time.

The mvention 1s amenable to being embodied in a number
of ways, including but not limited to the following descrip-
tions.

One embodiment of the invention 1s a method of perform-
ing quantization for compression encoding, comprising: (a)
splitting quantization operations into multiple components
having different execution probabilities; (b) executing a first
quantization component 1n parallel for a number of pixels for
cach quantization loop; and (c¢) executing a second quantiza-
tion component at a lower frequency within the quantization
loop 1n response to meeting a given quantization condition. In
a typical application of the method, one row of quantization
coellicients are computed within each quantization loop. In
one 1mplementation of the mvention, the first quantization
component 1s executed once for each loop of quantization,
such as computing sign and absolute value, as well as per-
forming at least a portion of the quantization. It will be appre-
ciated that the quantization may 1tself be split across the
multiple components. The method 1s particularly well suited
for executing the first quantization component 1n parallel on a
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processor configured for Single-Instruction-Multiple-Data
(SIMD) processing. In one mode of the invention the second
quantization component performs inverse quantization,
which can include performing thresholding and rounding. In
one simple implementation, the second quantization compo-
nent 1s computed only for non-zero quantized components. In
order to simplily operations, the division computations
required during quantization are replaced by combining mul-
tiplication and shiit operations. In addition, lookup tables are
preferably utilized to further speed computations.

One embodiment of the mnvention 1s a method of perform-
ing MPEG-2 inter-quantization for compression encoding,
comprising: (a) splitting MPEG-2 quantization operations
into a multiple components having different execution prob-
abilities; wherein at least one quantization component, a first
MPEG-2 quantization component, 1s executed once for each
loop of quantization; (b) executing the first MPEG-2 quanti-
zation component in parallel for a number of pixels for each
MPEG-2 quantization loop to compute sign, absolute value
and at least a portion of the MPEG-2 quantization; wherein
said first MPEG-2 quantization component 1s configured for
execution 1n parallel by at least one processor configured for
Single-Instruction-Multiple-Data (SIMD) processing; and
(¢) executing a second MPEG-2 quantization component at a
lower probability within the MPEG-2 quantization loop 1n
response to meeting a given quantization condition. In one
mode of the invention the first MPEG-2 quantization compo-
nent performs all or a portion of the MPEG-2 quantization
operations. It will be appreciated that the MPEG-2 quantiza-
tion can be split across multiple components, such as the first
and second MPEG-2 component, according to one imple-
mentation of the mvention. Although the second MPEG-2
quantization component pre'?erably performs 1nverse
MPEG-2 quantization, 1t may also perform a portion of the
MPEG-2 quantization operations. In one mode of the mnven-
tion, the second MPEG-2 quantization component further
performs thresholding and rounding. In a simple embodi-
ment, the second MPEG-2 quantization component 1s com-
puted only for non-zero quantized components.

One embodiment of the invention 1s an apparatus for per-
forming quantization within video compression encoding,
comprising: (a) a computer configured for video encoding;
and (b) programming executable on said computer for, (b)(1)
splitting quantization operations into multiple components
having different execution probabilities, (b)(11) executing a
first quantization component in parallel for anumber of pixels
for each quantization loop, and (b)(111) executing a second
quantization component at a lower frequency within the
quantization loop 1n response to meeting a grven quantization
condition.

The present invention provides a number of beneficial
aspects which can be implemented either separately or 1n any
desired combination without departing from the present
teachings.

An aspect of the invention 1s to provide an SIMD processor
friendly quantization for video compression encoding.

Another aspect of the invention 1s to provide an SIMD
processor Irniendly inter-quantization for MPEG-2 wvideo
compression encoding.

Another aspect of the invention 1s to provide low overhead
compression encoding for MPEG-2 video.

Another aspect of the invention 1s toward improving DCT
coding of pixel blocks.

Another aspect of the mvention 1s a video compression
method providing reducing computational overhead of the
quantization operation.
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Another aspect of the invention 1s a video compression
method which splits the quantization across multiple process-
ing sections, based on execution probability within the loop,
wherein certain operations are not performed on each loop.

Another aspect of the invention 1s a video compression
method which splits quantization across multiple processing,
sections, one or more of which are beneficially executed on a
processor configured for SIMD execution.

A still further aspect of the invention 1s to speed quantiza-
tion during video encoding.

Further aspects of the invention will be brought out 1n the
tollowing portions of the specification, wherein the detailed
description 1s for the purpose of fully disclosing preferred
embodiments of the mvention without placing limitations
thereon.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

The mvention will be more fully understood by reference
to the following drawings which are for illustrative purposes
only:

FIG. 1 1s a flowchart of general quantization execution
according to an embodiment of the present invention.

FIG. 2 1s a code section exemplitying inter-quantization
according to an aspect of the present invention.

FI1G. 3 15 a code section exemplifying splitting of the inter-
quantization according to an aspect of the present invention.

FIG. 4 1s a code section exemplifying operation of a fast
inter-quantizer according to an aspect of the present mven-
tion.

FIG. 5 1s a block diagram of an encoder configured with
computer and memory according to an aspect of the present
ivention.

DETAILED DESCRIPTION OF THE INVENTION

Referring more specifically to the drawings, for illustrative
purposes the present invention 1s embodied 1n the apparatus
generally shown in FIG. 1 through FIG. 5. It will be appreci-
ated that the apparatus may vary as to configuration and as to
details of the parts, and that the method may vary as to the
specific steps and sequence, without departing from the basic
concepts as disclosed herein.

The present mvention provides beneficially reduced pro-
cessing overhead by splitting the computation-intensive por-
tion of the quantizer 1nto two components having different
probabilities of execution. The first component 1s always
performed and 1t 1s executed in parallel to reduce the CPU
time, for example by SIMD 1nstructions. The second compo-
nent has a lower probability of execution (lower frequency)
and 1s a portion which contains a division during quantiza-
tion. Since the second component 1s executed only occasion-
ally, the average computational overhead of the second com-
ponent 1s reduced. For simplicity, the second component 1s
implemented 1n serial. To further reduce computation, the
divide 1n the quantizer 1s replaced by multiply and shiit in the
second component using lookup tables.

FI1G. 1 1llustrates the general tlow of operation according to
the present invention. Represented 1n block 10, the computa-
tionally intensive portion of the quantizer is split into multiple
component parts on the basis of execution probabilities. Said
another way, portions are separated which are subject to less
frequency of execution. In the present example embodiment,
two parts are described, one (first component) which 1s
executed for each loop and another (second component)
which 1s executed at a lower frequency. In block 12 the first
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component 1s executed 1n parallel, such as computing the sign
and abs coellicients. It 1s preferred that these operations are
performed using SIMD instructions. Executed according to a
subset of the loop 14 1s the second component, such as for
non-zero quantized coellicients. The second component 1s
shown preferably executing a division operation using a mul-
tiply and shiit operation as per block 16.

FIG. 2 illustrates example code 30 for executing MPEG-2
inter-quantization according to the mvention. Looping con-
straints are shown 32, with sign and abs of the coellicients
determined in parallel, preferably by SIMD processing. One
row of DC'T coellicients are computed within loop 32. It will
be noted that 64 DCT coeflicients are computed for an 8x8
pixel block. In block 34 the sign and absolute values are
determined. Computation 1s broken up 1mnto an SIMD com-
patible first component 34, and at least one component (sec-
ond component) that 1s executed less frequently, as following.
Statement 36 1s an MPEG-2 quantization matrix with 1QScale
as the Q step size. Detection of the lower probability condi-
tion arises at statement 38 which directs execution of the
lower probability computational component 40. In the
present case, the lower probability component 1s only
executed for non-zero quantized coellicients. In block 40 the
quantization coelficient 1s set and then nverse quantization
performed. The SATURATION steps provides thresholding
with rounding being performed for MPEG-2 1n the following
steps.

FIG. 3 1llustrates an example embodiment of how to pro-
vide additional benefits by splitting the inter-quantization
step 50, which was described as block 36 1n FIG. 2, according
to aspects of the invention. In statement 32 an example of the
main quantization operation 1s depicted, which i1s equivalent
to, and can be divided 1nto, statements 54 and 56. First com-
ponent 34 1s configured for being executed with each loop and
preferably i parallel, (e.g., SIMD). It will be noted that g can
be precomputed because 1t does not change 1n the lookup
table. The second component 56 1s configured for being
executed with less frequency than the loop, and 1s referred to
as a lower probability execution block. The computation 1n
block 56 1s only performed 1n response to meeting a threshold
condition, otherwise tmp 1s set to zero. It should be appreci-
ated that some processor architectures allow a parallel com-
parison to be performed.

The following describes replacing division operations by
multiplications and shifts according to the imvention. For all
possible value of g in MPEG-2, the quantization operation
grven by:

mp=(({(abs<<4)/q)>>4)

1s equivalent to the operation given by:

tmp=(abs*manfq|)=>expofq]

It should be appreciated in an embodiment for the above
abs 1s 12 bits, with man|[q] having a maximum length of 16
bits and expo[q] 1s less than or equal to 24. Wherein the
computations remain compatible with 32 bitsx32 bits 1n the

32 bit arithmetic.
To save storage space, the man and expo for,

g=gmatrix*iQOScale

are preferably obtained by using two unsigned integer 32 bit
lookup tables, or more preferably can be combined 1nto a
table based scalar operation.

unt32_ tinter gmatrix_ gscale[255][42];
uint32  tgscale to_ qgscale 1dx[113];
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where:

1Q8Scaleldx = gscale__to__scale_ 1dx[1QScale];

tmp = inter__gmatrix__gscale[gmatrnx][1QScaleldx];
expo|q| = tmp>>24;

man|q| =tmp & OxXFFL;

By way of example, and not limitation, the lookup tables
may be of a form as follows. As seen above these tables define
gscale-to-gscale (e.g., 113 entries) as well as gmatrix-to-

gscale for hex 001h, out of OFFh sections (e.g., showing only
a first of 255 sections having 42 entries each).

const uint32_ tgscale_to_gscale_1dx[113]=

{

99. 0, 1, 2, 3. 4, 5 6 7. 99 / 0...9
8, 99. 9. 99. 10, 99, 11, 99, 12, 99, /  10...19

13, 99, 14, 99, 15, 99, 16, 99, 17, 99, //  20...29
18, 99, 19, 99, 20, 99, 21, 99, 22. 99, //  30...39
D3, 99, 24, 99. 25, 99, 26, 99. 27. 99. //  40...49
08, 99. 29. 99. 30, 99, 31, 99, 32. 99. //  50...59
33, 99, 34, 99. 35, 99, 99, 99. 99. 99 //  60...69
09. 99. 36, 99. 99, 99, 99. 99. 99. 99/  70...79
37. 99, 99, 99. 99, 99, 99. 99. 38 99 //  80...89
00. 99. 99. 99. 99, 99, 39, 99. 99. 99 //  90...99
00, 99. 99. 99. 40, 99, 99, 99. 99. 99 //  100...109
09, 99. 41,

1

const uint32 t inter gmatrix_ gscale [255] [42]={

{//1
0x00000010u, 0x0000000&8u, 0x0b002aabu, 0x00000004u, 0x0d006667u,
0x0c002aabu, 0x0d0049251,
0x000000021u, 0x0b000ccdu, Ox0b0O00aabu, 0x0e004925u, 0x00000001u,
0x0c000e3%u, 0x0c000ccdu,
0x0c000ba3u, 0x0c000aabu, 0x0e0027631u, 0x0e002493u, 0x0{00444 51,
0x01000001u, 0x01003¢3du,
0x0d000e3%9u, 0x10006bcbu, 0x0d000ccdu, 0x10006187u, 0x0d000ba3u,

0x0e001643u, 0x0b0002abu,

0x0e00147bu, 0x01002763u, 0x10004bdbu, 0x0d0009251, 0x0b00023 51,
0x01002223u, 0x1000421 1u,

0x020000011, 0x0e000e39u, 0x0d000667u, 0x0e000ba3u, 0x0cO002abu,
0x0e0009d%u, 0x0e0009251, 1,

FI1G. 4 1llustrates example code 70 for a fast inter-quantizer
according to the present invention. In block 72 all eight pixels
are processed 1n parallel, preferably utilizing SIMD process-
ing. It all the coellicients are zero then nothing needs to be
performed. It will be appreciated that the 57 line in block 72
(abs[1ColLoop]) gets the absolute value multiplied by 16. In
the 67 line (q[iColLoop]) the threshold can be precomputed
at the picture boundary. It should be noted that in MPEG-2
only 32 distinct step sizes are defined.

The lower probability second component 1s determined in
section 74 1 which another execution loop 1s established.
Within secondary quantization of execution block 76, the
divide operation 1s replaced by multiplications and shifts of
interior block 78 to further reduce overhead, and the con-
straint 1s shifted 80 at the end of each pass. Inverse quantiza-
tion 1s seen 1n the steps following block 78, prior to the
SATURATION thresholding.

FI1G. 5 1llustrates an encoder 90 which recerves video data
100 from any desired mput, such as camera 92, Internet 94,
storage 96, systems 98, and other means and combinations
thereol. One or more computers 102 are adapted to execute
programming irom memory 104 according to the present
invention. Preferably, the computer(s) are adapted to perform
SIMD processing. An encoded MPEG-2 signal 106 1s then
output for present or future decoding to decompress the video
prior to or at the point of playback.
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Although the description above contains many details,
these should not be construed as limiting the scope of the
invention but as merely providing illustrations of some of the
presently preferred embodiments of this mvention. There-
fore, 1t will be appreciated that the scope of the present inven-
tion fully encompasses other embodiments which may
become obvious to those skilled 1n the art, and that the scope
of the present mvention 1s accordingly to be limited by noth-
ing other than the appended claims, 1n which reference to an
clement in the singular 1s not intended to mean “one and only
one” unless explicitly so stated, but rather “one or more.” All
structural and functional equivalents to the elements of the
above-described preferred embodiment that are known to
those of ordinary skill 1n the art are expressly incorporated
herein by reference and are intended to be encompassed by
the present claims. Moreover, 1t 1s not necessary for a device
or method to address each and every problem sought to be
solved by the present invention, for it to be encompassed by
the present claims. Furthermore, no element, component, or
method step 1n the present disclosure 1s intended to be dedi-
cated to the public regardless of whether the element, com-
ponent, or method step 1s explicitly recited in the claims. No
claim element herein 1s to be construed under the provisions
of 35 U.S.C. 112, sixth paragraph, unless the element 1is
expressly recited using the phrase “means for.”

What 1s claimed 1s:

1. A method of performing inter-quantization for compres-
s10n encoding, comprising:

splitting quantization operations into multiple components

having different execution probabilities;

executing elements of a first quantization component 1n

parallel for a number of pixels within each quantization
loop:;

wherein said {irst quantization component computes sign,

absolute value and performs at least a portion of the
quantization; and

executing elements of a second quantization component at

a lower Ifrequency within said quantization loop 1n
response to meeting a given quantization condition;
wherein division computations required during quantiza-

tion are performed within said second quantization com-
ponent 1 response to combining multiplication and shift
operations.

2. A method as recited 1in claim 1, wherein one row of
quantization coeflicients are computed within each said
quantization loop.

3. A method as recited in claim 1, wherein said first quan-
tization component 1s executed once for each loop of quanti-
zation.

4. A method as recited 1n claim 1, wherein said inter-
quantization 1s performed in response to a computation hav-
ing the form:

tmp=sign™*(({(abs<<®)/
(gmatrix[iColLoop|*iQOScale))>>4),

performed {for iterations of 1 column loop (1ColLoop))
wherein tmp 1s the coetficient for 1 column loop (1ColLoop),
used 1n determining sign and absolute value abs=sttcdc_abs
(tmp), with sign and abs performed 1n parallel, and 1n which
gmatrix 1s the quantization matrix and 1QScale 1s the Q step
S1ZE.
5. A method as recited 1n claim 4, wherein said inter-
quantization 1s split into two sets of operations, comprising:
a first set of operations of a form: g=gmatrix[1ColLoop]
*1QScale, and abs=abs<<4, performed on each loop;
and
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a second set of operations of a form:

if (abs=q){tmp=sign*(((abs<<4)/q)>>4)}; else
imp=0,

in which sign and abs of quantization matrix are obtained in
parallel, with g as quantization matrix (gmatrix) for 1
column loop (1ColLoop)) multiplied by 1QScale as the
step size and m which tmp 1s the coellicient for the
1ColLoop.

6. A method as recited 1n claim 1:

wherein the elements of said first quantization component

1s configured for execution in parallel by a processor
configured for  Single-Instruction-Multiple-Data
(SIMD) processing; and

wherein the elements of said second quantization compo-

nent 1s configured for execution 1n series.

7. A method as recited 1n claim 1, wherein second quanti-
zation component performs mverse quantization.

8. A method as recited 1n claim 7, wherein second quanti-
zation component further performs thresholding and round-
ng.

9. A method as recited 1n claim 1, wherein second quanti-
zation component 1s computed only for non-zero quantized
components.

10. A method of MPEG-2 1nter-quantization compression
encoding, comprising;

splitting MPEG-2 inter-quantization operations into mul-

tiple components having different execution probabili-
ties within a quantization loop;

wherein elements of at least one MPEG-2 quantization

component, a first MPEG-2 quantization component, 1s
executed once for each loop of quantization;
executing the elements of said first MPEG-2 quantization
component 1n parallel for a number of pixels for each
MPEG-2 quantization loop to compute sign, absolute
value and at least a portion of the MPEG-2 quantization;

wherein said first MPEG-2 quantization component 1s con-
figured for execution 1n parallel by atleast one processor
configured for  Single-Instruction-Multiple-Data
(SIMD) processing; and

executing elements of a second MPEG-2 quantization
component 1n series at a lower probability within said
quantization loop 1n response to meeting a given quan-
tization condition:

wherein division computations required during quantiza-

tion are performed within said second MPEG-2 quanti-
zation component in response to combining multiplica-
tion and shiit operations.

11. A method as recited 1n claim 10, wherein said MPEG-2
inter-quantization is performed 1n response to a computation
having the form:

tmp=sign™(((abs< <)/
(gmatrix[iCollLoop]|*iQOScale))>>4);

performed for iterations of 1 column loop (ColLoop))
wherein tmp 1s the coellicient for the 1ColLoop, used 1n deter-
mimng sign and absolute value abs=sitcdc_abs (tmp), with
sign and abs performed 1n parallel, and 1n which gmatrix 1s the
quantization matrix and 1QScale 1s the Q) step size.

12. A method as recited 1n claim 11, wherein said MPEG-2
inter-quantization 1s split ito two sets of operations, coms-
prising:

a first set of operations of a form: g=gmatrix[1ColLoop]
*1QScale; and abs=abs<<4, performed on each loop;
and

a second set of operations of a form:

if (abs=q){tmp=sign*(((abs<<4)/q)>>4)}; else
imp=0,
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in which sign and abs of quantization matrix are obtained in
parallel, with g as quantization matrix (gmatrix) for 1
column loop (iIColLoop)) multiplied by 1(QScale as the (O
step size and m which tmp 1s the coellicient for the
1ColLoop.

13. A method as recited 1n claim 10, wherein said first
MPEG-2 quantization component performs all or a portion of
the MPEG-2 quantization operations.

14. A method as recited 1in claim 10, wherein said second
MPEG-2 quantization component further performs thresh-
olding and rounding.

15. A method as recited 1in claim 10, wherein said second
MPEG-2 quantization component performs inverse-quanti-
zation.

16. A method as recited 1n claim 10, wherein second
MPEG-2 quantization component 1s computed only for non-
zero quantized components.

17. An apparatus for performing inter-quantization within
video compression encoding, comprising:

a computer configured for video encoding; and

programming executable on said computer for:

splitting quantization operations into multiple compo-
nents having different execution probabilities;

executing elements within a first quantization compo-
nent 1n parallel for a number of pixels for each quan-
tization loop;

wherein said first quantization component computes
s1gn, absolute value and performs at least a portion of
the quantization; and

executing elements within a second quantization com-
ponent at a lower frequency within said quantization
loop 1n response to meeting a given quantization con-
dition;

wherein division computations required during quanti-
zation are performed within said second quantization
component 1n response to combining multiplication
and shift operations.

18. An apparatus as recited in claim 17, wherein said pro-
gramming executable on said computer 1s configured for
computing one row of quantization coelificients within each
said quantization loop.

19. An apparatus as recited 1n claim 17:

wherein the elements of said first quantization component

1s configured for execution in parallel by a processor
configured  for  Single-Instruction-Multiple-Data
(SIMD) processing; and

wherein the elements of said second quantization compo-

nent are configured for execution 1n series.

20. An apparatus as recited 1n claim 17, wherein said pro-
gramming executable on said computer performs inverse
quantization, and/or thresholding and rounding 1n said sec-
ond quantization component.

21. A method of performing inter-quantization for com-
pression encoding, comprising:

splitting quantization operations into multiple components

having different execution probabilities;

executing elements of a first quantization component for a

number of pixels within each quantization loop;
wherein said first quantization component computes sign,
absolute value and performs at least a portion of the

quantization; and

executing elements of a second quantization component at
a lower frequency within said quantization loop 1n
response to meeting a given quantization condition;
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wherein said quantization comprises inter-quantization
performed 1n response to a computation having the
form:

tmp=sign™(((abs< <)/
(gmatrix[iCollLoop]|*iQOScale))>>4);

performed for iterations of 1 column loop (iIColLoop) wherein
tmp 1s the coetficient for 1 column loop (1ColLoop), used in
determining sign and absolute value abs=sitcdc_abs (tmp),
with s1gn and abs performed 1n parallel, and 1n which gmatrix
1s the quantization matrix and 1QScale 1s the Q step size.
22. A method as recited in claim 21, wherein said inter-
quantization 1s split into two sets of operations, comprising:
a first set of operations of a form: g=gmatrix[1ColLoop]
*1QScale, and abs=abs<<4, performed on each loop;
and
a second set of operations of a form:

if (abs=q){tmp=sign*(((abs<<4)/q)>>4)}; else
imp=0;

in which sign and abs of quantization matrix are obtained in
parallel, with g as quantization matrix (gmatrix) for 1
column loop (1IColLoop)) multiplied by 1QScale as the Q
step size and 1n which tmp 1s the coetlicient for the
1ColLoop.

23. A method of MPEG-2 inter-quantization compression

encoding, comprising;

splitting MPEG-2 1nter-quantization operations mnto mul-
tiple components having different execution probabili-
ties:

wherein elements of at least one MPEG-2 quantization
component, a {irst MPEG-2 quantization component, 1s
executed once for each loop of quantization;

executing the elements of said first MPEG-2 quantization
component 1n parallel for a number of pixels for each
MPEG-2 quantization loop to compute sign, absolute
value and at least a portion of the MPEG-2 quantization;
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wherein said first MPEG-2 quantization component 1s con-
figured for execution in parallel by atleast one processor
configured for  Single-Instruction-Multiple-Data
(SIMD) processing; and

executing elements of a second MPEG-2 quantization
component 1n series at a lower probability within said
quantization loop 1n response to meeting a given quan-
tization condition;

wherein said MPEG-2 quantization comprises iter-quan-
tization performed 1n response to a computation having
the form:

tmp=sign™*(({(abs<<®)/
(gmatrix[iColLoop|*iQ0Scale))>>4);

performed for iterations of 1 column loop (1ColLoop) wherein
tmp 1s the coellicient for the 1ColLoop, used 1in determining
sign and absolute value abs=sftcdc_abs (tmp), with sign and
abs performed in parallel, and 1n which gmatrix 1s the quan-
tization matrix and 1QScale 1s the Q step size.

24. A method as recited in claim 23, wherein said MPEG-2
inter-quantization 1s split into two sets of operations, com-
prising:

a first set of operations of a form: g=gmatrix[1ColLoop]
*1QScale; and abs=abs<<4, performed on each loop;
and

a second set of operations of a form:

if (abs=zq){tmp=sign*(((abs<<4)/q)>>4)}; else
tmp=0,

in which sign and abs of quantization matrix are obtained in
parallel, with g as quantization matrix (gmatrix) for 1
column loop (1IColLoop) multiplied by 1QScale as the Q
step size and 1 which tmp 1s the coellicient for the
1ColLoop.
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